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[Problems to be Solved by the Invention] 

protective sheet for solar battery module which even under 
environment whose temperature and humidity or other 
fluctuation is large in long period can show performance in 
stability isoffered. 

[Means to Solve the Problems] 
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It uses as protective layer of solar battery module with sheet 
which includes the fluororesin film layer where silicon oxide 
thin film was formed to surface , oxygen permeability of said 
sheet 5 cc /m<sup>2</sup>*day*atm or less , water vapor 
permeation 5 g/m<sup>2</sup>*day or less, light 
transmittance being 80% or more , at thesame time, thickness 
of silicon oxide thin film with 150 - 500 $, protective sheet . 
for solar battery module which designates that bonding 
strength of said film is 200 g/15mm or greater as feature 



[Claim(s)] 
[Claim 1] 

It uses as protective layer of solar battery module with sheet 
which includes the fluororesin film layer where silicon oxide 
thin film was formed to surface , oxygen permeability of said 
sheet 5 cc /m<sup>2</sup>*day*atm or less , water vapor 
permeation 5 g/m<sup>2</sup>*day or less, light 
transmittance being 80% or more , at thesame time, thickness 
of silicon oxide thin film with 150 - 500 $, protective sheet . 
for solar battery module which designates that bonding 
strength of said film is 200 g/15mm or greater as feature 

[Claim 2] 

thickness 10 - 100;mu m , thickness precision each +/- heat 
shrinkage ratio with 20% or less , 130 deg C being 5%or less , 
80 deg C in transverse direction and flow direction of film , 
protective sheet . for solar battery module of Claim 1 which 
designates that fluororesin film where elongation with 50 
g/lOmm is 10%or less is used as feature 

[Claim 3] 

In silicon oxide thin film and between fluororesin film , 
protective sheet . for solar battery module of Claim 1 or 2 
which designates that anchor coating of thickness 0.005-5;mu 
m haslain between as feature 

[Claim 4] 

Silicon oxide thin film protective sheet . for solar battery 
module of any of Claims 1 through 3 which designates that it 
is something which was formed by vacuum vapor deposition 
method asfeature 

[Claim 5] 

solar battery module . which designates that it uses protective 
sheet for solar battery module of the any of Claims 1 through 
4 as protective layer which sheath does illuminated side 
surface of the photoelectric element as feature 

[Claim 6] 

solar battery module . which designates that it uses protective 
sheet for solar battery module of the any of Claims 1 through 
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4 as protective layer which sheath does illuminated side rear 
surface of the photoelectric element as feature 

[Description of the Invention] 
[0001] 

[Technological Field of Invention] 

this invention regards protective sheet for solar battery 
module . 

[0002] 

[Prior Art] 

solar battery comes Susumu and even in new energy which is 
expected, the clean with especially expectation is large from 
safety and the ease of handling . 

From fact that it is superior in antiweathering agent , impact 
resistance , flexibility , there is many a thingwhich uses 
stainless steel or other metal substrate for substrate even in 
this solar battery . 

photoelectric element is configuration where generally 
semiconductor layer , transparent conductive layer , collector 
as rear surface electrode layer , photoelectric conversion layer 
was formed on this metal substrate . 

[0003] 

As for solar battery module , it is something which takes kind 
of structure which laminates protective sheet in front and back 
of photoelectric element which usually, wasformed in metal 
substrate above, but as for this solar battery module , above it 
isnecessary, even under environment whose temperature and 
humidity or other fluctuation is large in long period to be able 
to show performance in stability in comparison with common 
protective sheet , protective sheet which is superior in 
transparency , lightness , moisture-proofing property , heat 
resistance , antiweathering agent , gas barrier property etc is 
desired. 

[0004] 

As protective sheet for this solar battery module , it is 
assumed that sheet whichincludes fluororesin film layer 
which formed metal oxide thin film in surface especially 
isdesirable (Japan Examined Patent Publication Hei 4- 33146, 
Japan Examined Patent Publication Hei 4- 76231, Japan 
Examined Patent Publication Hei 4- 81869, Japan 
Unexamined Patent Publication Hei 5-283727, Japan 
Unexamined Patent Publication Hei 7-202236 etc). 

[0005] 

[Problems to be Solved by the Invention] 
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But, from in until recently proposition location and it remains 
the layer configuration or metal oxide of protective sheet in 
solar battery module in little improvement, with such as 
specific furthermore in point, performance improvement 
asone for solar battery module it has not reached to any which 
it is satisfied. 

[0006] 

[Means to Solve the Problems] 

this inventor etc, in order that above-mentioned problem is 
solved, the starting material , manufacturing method , of film 
layer , metal oxide thin film of protective sheet for solar 
battery module furthermore as protective sheet which is 
acquired is something which arrives in result and this 
invention which diligence execute overall analysis 
examination concerning the property . 

Namely, it uses this invention, as protective layer of solar 
battery module with sheet which includes fluororesin film 
layer where silicon oxide thin film was formed to the surface , 
oxygen permeability of said sheet 5 cc 
/m<sup>2</sup>*day*atm or less , water vapor permeation 5 
g/m<sup>2</sup>*day or less, light transmittance being80% 
or more , at same time, thickness of silicon oxide thin film 
with 1 50 -500 $, It exists in protective sheet for solar battery 
module which designates that bonding strength of said film is 
200 g/1 5mm or greater as feature. 

[0007] 

[Embodiment of the Invention] 

You explain in detail concerning below this invention . 

As for basic structure of protective sheet of this invention , 
there is a silicon oxide thin film and some which include 
fluororesin film layer . 

polyvinyl fluoride (PVF ), polyvinylidene fluoride (PVDF ), 
tetrafluoroethylene -ethylene copolymer (ETFE ), 
tetrafluoroethylene -hexafluoropropylene copolymer (FEP ), 
tetrafluoroethylene - [paaruruoroarukirubinirueeteru ] 
copolymer (PFA ), you can list tetrafluoroethylene poly 
chloride trifluoroethylene (PCTFE ) etc, as fluororesin which 
is usedwith this invention , but it is a preferably PVF, PVDF 
and ETFE . 

As for fluororesin film layer of protective sheet of this 
invention , film of this fluororesin isused. 

[0008] 

As fluororesin film , there is influence of various factor in 
manufacturing method of the protective sheet they are not 
limiting ones, preferably , film thickness 10 - 100;mu m , 
thickness precision each +/- heat shrinkage ratio with 20% or 
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less , 130 deg C being 5%or less , 80 deg C in transverse 
direction and flow direction of film , being something where 
elongation with50 g/1 0mm has property of 10% or less , 
particularly preferably , film thickness 20 - 70;mu m , 
thickness precision each +/- heat shrinkage ratio with 1 5% or 
less , 130 deg C being 3%or less , 80 deg C in transverse 
direction and flow direction of film , it is something where 
elongation with50 g/1 0mm has property of 6% or less . 

Furthermore, heat shrinkage ratio , film of length 100mm case 
where 5 min it treated with 130 deg C adopts value, as for 
measurement of the elongation adopts JIS K7127. 

In order to obtain desired film strength , it is necessary to 
designate film thickness as above-mentioned range usually. 

In addition, case where making sheet it does in order high 
[gasubaaria ]characteristic and to reveal high adhesiveness of 
interlayer , it is necessaryespecially to consider to thickness 
precision , thickness precision decrease volume of the film * * 
means increase, sheet property decreases to remarkable. 

Furthermore, when heat shrinkage ratio and elongation are 
large, protective sheet present* and it is easy to become cause 
of crack, decrease of the sheet property causes. 

[0009] 

It is usually necessary to form silicon oxide thin film to 
precede fluororesin film above, to administer corona 
treatment , flame treatment , plasma treatment , glow 
discharge treatment , surface roughening or other surface 
treatment . 

Because fluororesin film , is assumed that surface is difficult 
to do to bedifficult to get wet laminate of other film generally 
with the adhesive . 

In addition, it is possible to laminate silicon oxide thin film 
and the fluororesin film directly, but it is desirable usually, 
between both layers , for anchor coating to lie between. 

adhesion of interlayer it to be possible to improve, in 
addition,because gas barrier property as protective sheet 
furthermore improving it is possible. 

It can use polyester resin , urethane resin , acrylic resin , vinyl 
modified resin , epoxy resin , modified styrene resin , 
modified silicon resin or other thermosetting resin or alkyl 
titanate etc as material of anchor coating . 

It is possible to use these with alone , but it is possible 
tojointly use 2 kinds or more . 

In addition, including silane coupling agent and ultraviolet 
absorber or other additive it is good. 
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thickness of anchor coating is range of usually 0.005 - 5;mu 
m , preferably 0.01-1 ;mu m . 

When anchor coating is too thin, application unevenness 
being possible, gas barrier property to be difficult to improve, 
when on one hand, it is too thick, the adhesion to become bad, 
because there are times when also gas barrier property 
decreases rather it is not desirable. 

You can list gravure coating method , reverse coating or other 
various resin application method as method which forms the 
anchor coating . 

[0010] 

In protective sheet of this invention , in surface of fluororesin 
film , directly orthrough anchor coating , it forms silicon 
oxide thin film , in indirect . 

As silicon oxide thin film , it is good even with silicon oxide 
alone , but it ispossible also to use blend of aluminum oxide , 
magnesium oxide , tin oxide or other other metal oxide . 

Because as for thickness of silicon oxide thin film , high-level 
gas barrier property isrequired with one for solar battery 
module , it makes range of 1 50 - 500$ and preferably 
200-400* . 

thickness under 150$ gas barrier property being insufficient 
generally, when onone hand, thickness exceeds 500$, it keeps 
becoming high cost , thesilicon oxide thin film to display 
yellow somewhat, optical transparency to decrease,because 
furthermore there are times when antiweathering agent 
decreases, it isnot desirable. 

Furthermore, thickness of thin film when other metal oxide 
are jointlyused as silicon oxide thin film means thickness of 
thin film as metal oxide blend . 

[0011] 

Can form silicon oxide thin film above, with method of option 
of the public knowledge such as vacuum vapor deposition 
method , sputtering method , CVD method to do, vacuum 
vapor deposition method is desirable in point that,but high 
performance film which is superior in gas barrier property etc 
film formation makesstable, at same time, productivity of film 
formation is high. 

When silicon oxide thin film is formed with vacuum vapor 
deposition , when oxygen gas and water vapor isintroduced 
into atmosphere , transparency of thin film which is formed 
itcan improve. 

In case of this , in order for pressure of atmosphere to be 
arangeof 1 X 10<sup>-5</sup>-lX 10<sup>-3</sup>Torr , 
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it is desirable to introduce gas . 

When pressure becomes 1 X 10<sup>-3</sup>Torr or more , 
gas barrier property of thin film which is formedto decrease, 
in addition, when it tries to designate pressure as 1 X 
10<sup>-5</sup>Torr or less because productivity decreases, 
it is not desirable. 

[0012] 

As for protective sheet of this invention , like above as for 
protective sheet of the this invention , like above, being 
something which includes fluororesin film layer where 
thesilicon oxide thin film was formed to surface , oxygen 
permeability of said sheet 5 cc /m<sup>2</sup>*day*atm or 
less , water vapor permeation 5 g/m<sup>2</sup>*day or 
less, light transmittance being 80% or more as one for solar 
battery module as theespecially preferred specific property , at 
same time, It designates that bonding strength of silicon oxide 
thin film is 200 g/15mm or greater asfeature. 

In addition, as for range where aforementioned property 
especially are desirable, oxygen permeability 2 cc 
/m<sup>2</sup>*day*atm or less , water vapor permeation 2 
g/m<sup>2</sup>*day or less, light transmittance being 85% 
or more , at same time, bonding strength of silicon oxide thin 
film is250 g/15mm or greater . 

In order to obtain sheet which possesses this property , it 
becomesnecessary to select starting material and 
manufacturing condition appropriately. 

[0013] 

high-level gas barrier property to be required as protective 
sheet for solar battery module , rise of for example water 
vapor permeation to mean moisture-proofing property 
decrease, because it means that output characteristic of solar 
battery decreases greatly because of this it is not desirable. 

In addition, because decrease of light transmittance 
[ehenerugii ] efficiency of solar battery means with to 
decrease, this it is not desirable. 

Furthermore, when adhesion of silicon oxide thin film is bad, 
case where solar battery is done long-term use gas barrier 
property decrease easy to occur,because it means to be easy to 
cause exfoliation and crack of the sheet it is not desirable. 

[0014] 

Among actual solar battery module , adhesive layer covers 
surroundings of photoelectric element which wasformed in 
metal substrate , protective layer which sheath does 
illuminated side surface and the rear surface as outside 
surface exists, but you can use protective sheet of this 
invention forboth aspect of this surface and rear surface . 
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Here, there is not especially restriction as aforementioned 
adhesive layer . vinyl acetate -ethylene copolymer , polyvinyl 
butyral , silicone resin , acrylic resin , epoxy resin or other for 
time being it is desirable to use adhesive whichdesignates 
resin as main component . 

[0015] 

As for protective sheet of this invention , usually, silicon 
oxide thin film it isdesirable, to paste together silicon oxide 
and laminate , in addition, the multilayer is possible to use 
protective sheet . 

In addition, when fluororesin film layer (A ) with silicon 
oxide thin film (B ) is designatedas basic constitution , to 
other than layer configuration such as A/B/adhesive layer 
/photoelectric element , also the layer configuration like 
A/B/adhesive layer /A/B/adhesive layer /photoelectric 
element is possible. 

[0016] 

Furthermore, when depending, furthermore it is possible to 
protective sheet of this invention , to laminate synthetic resin 
other than A, B regarding the extent which does not impair 
feature of protective sheet of this invention , the 
polyethylene , polypropylene , polybutene or other polyolefin 
resin , polyethylene terephthalate , polyethylene -2, 
6-naphthalate or other polyester resin , nylon 6 , nylon 12or 
other poly amide resin , poly vinyl alcohol and ethylene -vinyl 
alcohol copolymer or other vinyl alcohol resin , furthermore 
polyimide , polyetherimide , polysulfone , polyether sulfone , 
poly ether ether ketone , polycarbonate , polyvinyl butyral , 
polyarylate , annular polyolefin etc are illustrated as the 
plastic films which is a substrate of this film . 



[0017] 

[Working Example(s)] 

this invention furthermore is explained concretely below with 
Working Example and Comparative Example ,but this 
invention is not something which is limited in these Working 
Example . 

Furthermore, measurement method in example below is 
shown below. 

membrane thickness of (1) silicon oxide thin film 

It measured due to electron microscope (Hitachi make; H-600 
type). 

(2) oxygen permeability 

Conforming to ASTM D3985, you used oxygen permeability 
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(4) ±%is3a* 

jis K7105 ic*cr % »***w*iBivca* 

[0019] 

(5) £S^fctt»Bt<Dtt*BflE»« 

-h>(ft)*iSS<D^U*>&&5t3!l(AD- 
900:AD-RT5=10:1.5 (D5E^«8)***LT. H£ 

:77>«(*)«. TUX-TC)£ K5-f 55*— hU 
60 deg Ct'3B Hl-i/>^Lfc, 



100mm 0>fiWttlC«iyfc # LrtajlfrtLfc. 
[0020] 

;UA£<D^®0>-3S£^<fc 50mm MJt**T, 

mimm2*ti?*u- ^pis K7127 k 

*C^>i4Kga, *»Sftf9r(*)80> DSS- 

**Pd)ffillt loomm -cflsy^itr. pt»o*^ 

Jt£3iaUXft 300mm/#-C 60mm 

lt£¥*9ffi£ffi»&J£(*ft:g/l5mm)£U El 

(fl£)O:>200g, A:100~200g. x : <100g 
[002 l] 

(6)»Stt»ffi 

JIS C0022 CD 2 lZ*££-f &gS£JBl\ SJt 85 
±2 deg C.ffltt;lJt85±5%CD£#T-T: 1000 

(^JS)O:mmtb*f#tiffi}#*>90% 
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measuring apparatus (Modem Controls supplied , 
OX-TRAN100 ), measured under the condition of 
temperature 25 deg C, relative humidity 75%. 

[0018] 

(3) water vapor permeation 

Conforming to ASTM FI249, using water vapor permeation 
measuring apparatus (Modern Controls supplied , 
Permatran-Wl ), it measured under the condition of 
temperature 40 deg C, relative humidity 90%. 

(4) total light transmittance 

It measured according to JIS K7105, making use of 
spectrophotometer . 

[0019] 

bonding strength evaluation of (5) silicon oxide thin film 

application doing urethane adhesive (AD [] blend of 
900:AD-RT5=10:1.5 ) of Toyo Morton Ltd. (DB 
69-079-1595 ) supplied in vapor deposited surface of the 
vapor deposition film as adhesive , dry laminate it did low 
density polyethylene film (Tohcello Co. Ltd. (DB 
69-073-2433 ) make, TUX-TC ) of thickness 50;mu m , 3 
-day period aging did with 60 deg C. 

Next, starting cutting this multilayer film in strip of width 
15mm , length 100mm , it made test piece . 

[0020] 

50 mm exfoliating one end of boundary of vapor deposition 
film and low density polyethylene film of test piece 
beforehand, in fixed gripper and movable gripper of 
respective autograph (test equipment , Shimadzu Corporation 
which corresponds to JIS K7127 (DB 69-055-8747 ) make 
DSS [] 100), installing both peeled surfaces with gripper 
interval 1 00mm , 60 mm moving the movable gripper with 
stretching speed 300mm/min , it seeks value of center line of 
wave curve of tensile load which at this time it records to 
strain gauge , bonding strength (unit :g/15mm )with it does 
mean value in test piece 3 , It decided below. 

(Decision) 0:>200g, ♦: 100~200g, X :<100g 

[0021] 

(6) moisture permeability evaluation 

1000 hours it left under condition of temperature 85+/- 2 deg 
C, relative humidity 85+/- 5% making use of the device which 
is stipulated in 2 of JIS C0022, measured electrical 
performance ofleaving front and back, decided below. 

(Decision) 0:eiectrical output characteristic holding ratio 
>90% 
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x : mstb*i?#tt£8*<7o% 

[0022] 

mmm 1-2, tt»« 1-3 

flUiS© PVF ^UMH^fUttf^UAO) 
^lS]&tf3kh£[S)l::fcivc&*#) 10%. 130 

deg C T'<D&ltZSi$tf 2%. 80 deg C "0 
50g/10mm T?0>3l3H$t;^rt< 5%)£f8l*fc. 

«-l ICfcL^T. ±SB PVF 7^>UAIZ7>*— 3 
-Hi**-*- -fV>7*-Hk$* 

/^fD>300)i:£ 1:1 V&SLtzmftZ PVF 7^ 
;UAI::=i-$-T-g*JLT£iiU J»£!iG 0.1 j/ 



[0023] 

hffi)lC, 8x 10 5 Torr 0>££T, Hit 

»*«I=J:U % fiEKilJe 2000A/sec "<?3g*$ 
it. 8-1 l^-fjf ^(DSmK^k^JSHLfrv 



[0024] 

mm 1 ^H«(D*aif>-h*»jSLfc. 



[0025] 

[Si] 
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*:electrical output characteristic holding ratio =70-90% 
X :electrical output characteristic holding ratio <70% 
[0022] 

Working Example 1-2, Comparative Example 1-3 

thickness used PVFfilm (thickness precision in transverse 
direction and flow direction of film each approximately 10%, 
heat shrinkage ratio with 130 deg C with 2% and 80 deg C 
elongation with 50 g/lOmm 5%) of surface-treated of 25;mu 
m as fluororesin film . 

In Table 1 , case it possesses anchor coating in 
above-mentioned PVFfilm , isocyanate compound (Nippon 
Polyurethane Industry Co. Ltd. (DB 69-062-0273 ) supplied , 
tradename ;Coronate L ) with, paint which 1 : combines 
saturated polyester (Toyobo Co. Ltd. (DB 69-053-8160 ) 
supplied , tradename ;Vylon 300 ) atl in PVFfilm application 
doing with coater , it dried, formed the anchor coating of 
thickness approximately 0.1 ;mu m . 

[0023] 

Making use of winding type vacuum vapor deposition device , 
in above-mentioned fluororesin film (When there is a anchor 
coating , anchor coated surface ), under the vacuum of 8 X 
10<sup>-5</sup>Torr , vapor deposition doing silicon oxide 
(SiO, Sumitomo Sitix Corporation (DB 69-055-6170 ) 
supplied ) with film-forming rate 2000*/s with the microwave 
inductive heating system , it produced sheet which film 
formation does silicon oxide of thickness which it shows in 
Table 1 . 

property evaluation result of said sheet is shown in Table 1 . 
[0024] 

Comparative Example 4 

Other than film formation doing silicon oxide with plasma 
CVD method (film-forming rate 400*/s ) in 
theaforementioned Working Example 1, sheet was produced 
with method which issimilar to Working Example 1. 

property evaluation result of said sheet is shown in Table 1 . 

[0025] 

[Table 1] 
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[0026] 

Hffifll 3~4.ttK« 5-6 

Tg-2 iZfjktm^O ETFE 7-f;UA(U»fUS 

ft*»10%. 130 degCT?(0!»i|R«l*A<2%, 80 
deg C T* 50g/10mm T?<D3l?6#tf¥*< 5%)£ffl 

»5/-hO)*tt»fl!ifg**a-2 

[0027] 

[8 2] 



In Note: above-mentioned Table 1 , as for unit of oxygen 
permeability (cc /m<sup>2</sup>*day*atm ), water vapor 
permeation 

unit is (g/m<sup>2</sup>*day ). 
[0026] 

Working Example 3-4, Comparative Example 5-6 

Other than using ETFEfilm (thickness precision in transverse 
direction and flow direction of film each approximately 10%, 
heat shrinkage ratio with 130 deg C with 2% and 80 deg C 
elongation with 50 g/lOmm 5%) of thickness which is shown 
in Table 2 in aforementioned Working Example 1, as 
fluororesin film , each sheet was producedwith similar 
condition . 

property evaluation result of said sheet is shown in Table 2 . 

[0027] 

[Table 2] 
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[0028] 



In Note: above-mentioned Table 2 , as for unit of oxygen 
permeability (cc /m<sup>2</sup>*day*atm ), water vapor 
permeation 

unit is (g/m<sup>2</sup>*day ). 
[0028] 

[Effects of the Invention] 

Because protective sheet of this invention is superior in 
transparency , lightness , moisture-proofing property , heat 
resistance , antiweathering agent , gas barrier property or 
other property , evenunder environment whose temperature 
and humidity or other fluctuation is large regarding solar 
battery module which uses said protective sheet , in long 
period performance can be shown instability. 
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